Background It remains controversial whether dual antiplatelet therapy reduces stroke more than aspirin alone. Aim We aimed to assess the effects of adding clopidogrel to aspirin on the occurrence of stroke and major haemorrhage in patients with vascular disease. Methods Meta-analysis of published randomized trials comparing the combination of clopidogrel and aspirin vs. aspirin alone that reported stroke and major bleeding. Results Thirteen randomized trials were included with a total of 90 433 participants (mean age 63 years; 63% male) with a mean follow-up of 1·0 years and 2011 strokes. Stroke was reduced 19% by dual antiplatelet therapy (odds ratio = 0·81, 95% confidence interval 0·74-0·89) with no evidence of heterogeneity of effect across different trial populations (I 2 index = 5%, P = 0·4 for heterogeneity). Dual antiplatelet therapy reduced ischemic stroke by 23% (odds ratio = 0·77; 95% confidence interval 0·70-0·85); there was a nonsignificant 12% increase in intracerebral haemorrhage (odds ratio = 1·12, 95% confidence interval 0·86-1·46). Among 1930 participants with recent (<30 days) brain ischemia from four trials, stroke was reduced by 33% (odds ratio = 0·67, 95% confidence interval 0·46-0·97) by dual antiplatelet therapy vs. aspirin alone. The risk of major bleeding was increased by 40% (odds ratio = 1·40, 95% confidence interval 1·26-1·55) by dual antiplatelet therapy. Conclusions This meta-analysis demonstrates a substantial relative risk reduction in stroke by clopidogrel plus aspirin vs. aspirin alone that is consistent across different trial cohorts. Major haemorrhage is increased by dual antiplatelet therapy.
Introduction
Based on a recent meta-analysis, we concluded that treatment with the combination of aspirin and clopidogrel has no effect on overall mortality compared with aspirin alone (1) . An increased incidence of fatal bleeding was offset by a significant reduction in myocardial infarction. There was evidence of heterogeneity of the effect of dual antiplatelet therapy on death depending on the different trial populations analyzed, which ranged from asymptomatic patients with vascular risk factors to patients having acute coronary syndromes.
Here, we assess the effect of the combination of clopidogrel and aspirin vs. aspirin on stroke and major haemorrhage based on meta-analysis of all published randomized trials reporting stroke as an outcome. We hypothesized that the effect of dual antiplatelet therapy on stroke would be different depending on the trial cohort.
Methods

Search and selection process
Randomized trials involving adults were included in which clopidogrel in any dosage was added to aspirin in any dosage and in which stroke incidence was reported. Trials were excluded if stroke incidence was not provided or if published only in abstracts. We searched The Cochrane Central Register of Controlled Trials, the ClinicalTrials.gov website, and PubMed using the key words of clopidogrel and aspirin combined with clinical trial from 1966 to April 2012, not restricted by language.
Data extraction
Two physician reviewers (S. P., R. G. H.) independently extracted information about methodological features, the number of patients treated, total follow-up exposure, and the numbers of strokes and major haemorrhage. Trial quality was assessed by the Jadad score (2) . In order to explore if the effect of the combination therapy was different according to the populations included in the individual trials, we classified the trials a priori into one of three categories: 1 -trials with cohorts having stable vascular disease (i.e. including vascular risk factors or a vascular event that occurred, on average, >30 days before entry); 2 -trials enrolling cohorts with a recent vascular event (i.e. Յ30 days) in any circu-lation; and 3 -trials enrolling cohorts undergoing a surgical or percutaneous intervention. Disagreements were resolved by joint review and consensus.
Outcomes
We accepted the criteria for diagnosis of stroke and major haemorrhage used in the individual trials. These were generally similar when provided, with outlying definitions described in footnotes to the tables. The primary meta-analysis focused on all strokes [ischemic and primary intracerebral haemorrhages (ICHs)]. We then analyzed separately, ischemic and unknown strokes vs. ICH, major haemorrhage, and all strokes in trials restricted to participants with recent brain ischemia (i.e. Յ30 days). In all trials, major haemorrhage included patients with ICH. Because the numbers of patients with other types of major haemorrhage (i.e. excluding ICH) could not be estimated reliably, ICHs are included both as strokes and as major haemorrhages in these analyses.
Data synthesis
Intention-to-treat results were used when available (and footnoted when not available). Meta-analyses of the trial results are presented as odds ratios (ORs) and 95% confidence intervals (CIs) comparing dual antiplatelet vs. aspirin (OR estimates may differ slightly from published hazard ratios for individual trials as hazard ratios use failure-time data, vs. event-no event data for OR). Each meta-analysis OR was computed assuming a random effects model. If the count in one or more of the cells for a trial was 0, then 0·5 was added to each of the four cells. Statistical heterogeneity across trials was evaluated using the I 2 index (percentage of the total variability in a set of effect sizes due to between-studies variability) and the chi-square test for heterogeneity. I 2 index and statistical significance for test of heterogeneity are reported for main results and for meta-analyses with I 2 index >40% and/or P < 0·2 for test of heterogeneity. Relative risk reduction was calculated as 1 minus the OR. All tests and CIs are two sided. Software used for meta-analysis were MedCalc for Windows, version 12·1.4·0 (MedCalc Software, Mariakerke, Belgium) and RevMan 5.0 (3).
Results
Thirteen randomized trials were included with a total of 90 433 randomized participants with a mean age of 63 years and a mean follow-up of 1·0 years (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . All but three trials (7, 9, 10) were rated as having the highest Jadad score of five reflecting relative lack of potential bias ( Table 1 ). More than half of the patients (51%) were from a Chinese trial involving patients with acute myocardial infarction with a mean follow-up for 15 days; this trial contributed 23% of stroke outcomes (11) ( Table 2 ).
Trial categories
• Stable vascular disease trials: five randomized trials were included with a total of 29 059 participants with a mean age of 64 years, 61% male, and a mean follow-up of 2·7 patient-years. Of the different trial categories, this group included a heterogeneous patient cohort, including patients with risk factors for vascular disease (5, 6) , coronary artery disease (7) , lacunar stroke (8) , and vascular risk factors (5).
• Recent vascular events (Յ30 days): five randomized trials were included with a total of 59 506 participants with a mean age of 62 years, 62% male, and a mean follow-up of 71 patient-days. This trial category was dominated by patients with acute coronary syndromes, as demonstrated by the 58 144 patients included in COMMIT (11) and CURE (12) trials. • Perioperative/periprocedural: Three randomized trials were included with a total of 2361 participants with a mean age of 65 years and an overrepresentation of males (79%) compared with the other trial categories (14) (15) (16) . Mean follow-up was 11·4 patient-months. The vast majority of this cohort (n = 2229) underwent a cardiac intervention, either coronary artery bypass grafting or percutaneous angioplasty with stenting.
Effect of combination therapy on all strokes
The OR for all stroke by dual antiplatelet therapy vs. aspirin alone for all 13 trials was 0·81 (95% CI 0·74-0·89) ( Table 2 ) with no evidence of heterogeneity of effect across the trials (I 2 index = 5%, P = 0·4 for heterogeneity) ( Fig. 1 ). Reduced stroke with dual antiplatelet therapy was similar for the three different trial categories: OR 0·82 (95% CI 0·69-0·97; I 2 index 40%, P = 0·2 for heterogeneity) for patients with stable vascular disease; OR 0·84 (95% CI 0·72-0·98; I 2 index 0%, P = 0·5 for heterogeneity) for patients with a recent vascular event; and OR 0·80 (95% CI 0·29-2·20; I 2 index 9%, P = 0·4 for heterogeneity) for those with a recent surgery or procedure ( Table 2) . For fatal stroke, reported in seven trials, dual antiplatelet therapy was associated with an OR of 0·81 (95% CI 0·63-1·04) ( Table 2) .
Ischemic stroke
The OR for ischemic strokes and strokes of unknown etiology combined by dual antiplatelet therapy vs. aspirin alone for the meta-analysis was 0·77 (95% CI 0·70-0·85) based on metaanalysis results of 10 trials with 1817 strokes [three trials (7, 14, 16) did not report strokes by etiology] ( Table 3) .
Intracerebral haemorrhage (ICH)
Intracerebral haemorrhage (ICH) was not significantly increased by combination therapy vs. aspirin alone (OR 1·12, 95% CI 0·86-1·46) based on meta-analysis analysis of 10 trials with 226 ICHs [three trials (7, 14, 16) did not report strokes by etiology] ( Table 3) .
Major haemorrhage
Major haemorrhage was significantly increased by combination therapy vs. aspirin alone (OR 1·40, 95% CI 1·26-1·55) based on meta-analysis of 13 trials (Table 4) . *A total of 441 strokes were reported, but 5 of them were not assigned to any of the therapies so they were excluded from the analysis. † One death from haemorrhagic stroke (unclear in which group). OR, odds ratio; CI, confidence interval; NR, not reported; TIA, transient ischemic attack. 
Patients with recent brain ischemia (Յ30 days)
Four trials (9, 10, 13, 17) were included in this meta-analysis ( Table 5 ). The OR for all stroke with combination therapy was 0·67 (95% CI 0·46-0·97), and the OR for ischemic and strokes of unknown etiology combined was 0·64 (95% CI 0·43-0·94) ( Table 5 ). Major haemorrhage (n = 21) was not increased by dual antiplatelet therapy in these trials (OR 0·91, 95% CI 0·40-2·07).
Discussion
This meta-analysis demonstrates a consistent 19% (95% CI 11-26) reduction in the occurrence of stroke by the use of aspirin and clopidogrel vs. aspirin alone. This reduction was evident in prespecified sub-groups of patients with stable vascular disease, individuals undergoing procedures, and those with recent (mostly cardiological) vascular events. For individuals with recent cerebral ischemia, we noted a benefit of 33% (95% CI 3-54). The relative reduction in stroke was similar to that seen for myocardial infarction (risk reduction 18% by dual antiplatelet therapy) in our previous meta-analysis (1) . Ischemic stroke was reduced by 23% (95% CI 15-30), and there was a nonsignificant increase (12%) in ICH.
Major haemorrhage was increased 40% (95% CI 26-55) by dual antiplatelet therapy. From indirect comparison (data not shown), there was no apparent relationship between aspirin dosage and bleeding risk. In support of this observation, the large CURRENT OASIS 7 trial reported no difference in major haemorrhage when clopidogrel was randomly assigned to be given with aspirin 300-325 mg daily vs. 75-100 mg daily (18) .
In the four randomized trials that included patients with recent brain ischemia, meta-analysis showed a 33% relative risk reduction (95% CI 3-54) in stroke by dual antiplatelet therapy. The dose of aspirin ranged from 75 to 160 mg. The three smaller trials (9, 10, 13) used a loading dose of 300 mg of clopidogrel at randomization followed by a maintenance dose of 75 mg daily whereas in the largest trial (17) the dose of aspirin was between 75 and 162 mg daily. The period immediately after transient ischemic attack (TIA) and nondisabling stroke carries a high risk of recurrent events and provides an attractive target for a strategy of intensive antithrombotic therapy. A reduction in stroke by combination of clopidogrel plus aspirin over aspirin alone in patients with recent TIA/stroke is currently being tested in ongoing randomized trials (19, 20) .
The MATCH trial compared aspirin plus clopidogrel with clopidogrel monotherapy in 7599 individuals with stroke or TIA and found a nonsignificant reduction in stroke with an increase in life-threatening bleeding (21) . Results of MATCH influenced current guideline recommendations to avoid the use of clopidogrel combined with aspirin for long-term secondary prevention of stroke (22) . Our results suggest that aspirin plus clopidogrel is more effective than aspirin alone for stroke prevention. This result does not appear consistent with indirect comparisons with the results of MATCH (21) and CAPRIE trials (23) . A recent meta-analysis of randomized trials that compared the efficacy and safety of two antiplatelet combinations (clopidogrel and aspirin and dipyridamole and aspirin) vs. monotherapy (aspirin, clopidogrel, or dipyridamole) in acute stroke or TIA showed that dual antiplatelet therapy was associated with a significant reduction in early stroke recurrence along with a nonsignificant increase in major bleeding (24) .
There are a number of limitations to this study. We abstracted data from summary published results rather than a synthesis from patient-level data. We are therefore limited in exploring the effects of important variables such as time since event, blood pressure control, time on treatment, and stroke etiology. The overall benefit of dual antiplatelet therapy needs to balance stroke reduction against the increased risk of haemorrhage. Both benefit and risk may relate to these variables.
We acknowledge that we included different cohorts in this analysis, but our hypothesis was that there would be a differential effect of the therapy across the different predefined groups. This was not the case. In our view, the reduction in stroke by the combination of clopidogrel plus aspirin vs. aspirin in a wide spectrum of vascular disease is a key finding of this systematic review and meta-analysis. This has interesting and provocative pathophysiological implications.
This meta-analysis suggests that there is clear reduction in stroke by adding clopidogrel to aspirin that is offset by increased major haemorrhage. Individual randomized stroke prevention trials with longer exposure to the combination of aspirin and clopidogrel have consistently shown a marginal efficacy that was offset by a significant increase in major bleeding. It would certainly be premature that guideline recommendations be modified on the basis of this meta-analysis.
